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(54) Title: AUTOMOTIVE EVAPORATIVE LEAK DETECHON SYSTEM AND METHOD 

(57) Abstract 

A method and apparatus for de- 
tecting leakage from an evaporative 
emission space (14. 18) of a vehi- 
cle fuel system by utilizing naturally 
occurring vacuum that can occur un- 
der certain favorable conditions afler a 
fuel-consuming engine (12) that pow- 
ers an automotive vehicle has been 
turned off. If there is no leakage, va- 
por pressure in ^e fuel system will 
begin to decrease. If it is assumed 
tiiat the vapor pressure was approxi- 
mately atmospheric when the engine 
was turned off, and that no leakage 
existed, ensuing cooling will create in- 
creasing vacuum in headspace of the 
fuel tank as the temperature drops. In 
the absence of leakage, a well-defined 
relationship exists. Measurements of 
physical parameters (24, 26) character- 
izing fluid conditions in the fuel tank 
are taken as cooling proceeds and pro- 
cessed. Results are evaluated to obtain 
leakage infonnation. 
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Reference — ta — RelatRfl — AppTiea^^-jftn. Tnr.r ^r^n■r^i.^r^r> i^y 

Reference, and Py-iayitrY m«-{iH 
5 This application expressly claims the benefit of 

earlier filing date and right of priority from the 
following coaunonly owned patent application: U.S. 
Provisional Application Ser. No. 60/072,704 filed on 27 
January 1998 in the names of John E. cook and Paul D. 
10 Perry and entitled "AUTOMOTIVE EVAPORATIVE LEAK DETECTION 
SYSTEM". The entirety of that earlier-filed, co-pending 
patent application is hereby expressly incorporated 
herein by reference. 

15 Field of feha Tn-y^nf-An-n 

This invention relates generally to an on-board 
automotive evaporative leak detection system and method 
for detecting fuel vapor leakage from an evaporative 
emission space of an automotive vehicle fuel system, and 
20 more especially to a new and unique system and method for 
detecting leakage by utilizing naturally occurring vacuum 
that can occur under certain favorable conditions after a 
fuel-consuming engine that powers the vehicle has been 
tiirned off. 

23 

BaelcrrrmiTid nf ^Ti«> Ttl■^r^t^^■■i>^^. 

A known on-board evaporative emission control system 
for an automotive vehicle comprises a vapor collection 
canister that collects volatile fuel vapors generated in 

30 the headspace of the fuel tank by the volatilization of 
liquid fuel in the tank and a purge valve for 
periodically purging fuel vapors to an intake system of 
the engine. A known type of purge valve,, sometimes 
called a canister purge solenoid (or CPS) valve, 

35 comprises a solenoid actuator that is under the control 
of a microprocessor-based engine management system. 



1 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


AM 


Annenia 


FI 


AT 


Austria 


FR 


AU 


Australia 


GA 


AZ 


Azerbaijan 


GB 


BA 


Bosnia and Herzegovina 


GE 


BB 


BarbBflos 


GH 


BE 


Belghim 


GN 


BF 


Burlcina Faso 


GR 


BG 


Bulgaria 


HU 


BJ 


Bcnio 


IE 


BR 


Brazil 


EL 


BY 


Belams 


IS 


CA 


Canada 


IT 


CF 


Central African Republic 


JP 


CG 


Congo 


KE 


CH 


Svntzerland 


KG 


a 


Cdte d'Tvoite 


KP 


CM 


Cameroon 




CN 


Qiiaa - 


KR 


CU 


Cuba 


KZ 


CZ 


Czech Republic 


LC 


DE 


Germany 


U 


DK 


Denmark 


LK 


EE 


Estonia 


LR 



Spain 
Finland 
France 
Gabon 

United Kingdom 

Geoisia 

Ghana 

Guinea 

Greece 

Hungary 

lirland 

Israel 

Iceland 

luly 

Japan 

Kenya 

Kyrgyzstan 

Democratic PKq)1e*s 

Republic of Korea 

Republic of Korea 

Kazakstan 

Saint Lucia 

Ltochteostetn 

Sri Lanka 

Liberia 



LS 
LT 
LU 
LV 
MC 
MD 
MG 
MK 

ML 

MN 

MR 

MW 

MX 

NE 

NL 

NO 

NZ 

PL 

FT 

RO 

RU 

SD 

SE 

SG 



Lesotho 


SI 


Slovenia 


Lithuania 


SK 


Sfovakia 


Luxembourg 


SN 


Senegal 


Latvia 


SZ 


Swaziland 


Monaco 


TD 


Chad 


Republic of Moldova 


TG 


Togo 


Madagascar 


TJ 


Tajikistan 


The former Yugoslav 


TM 


Turkmenistan 


Republic of Macedonia 


TR 


Turkey 


Mali 


TT 


TVinidad and Tobago 


Mongolia 


UA 


Ukraine 


Mauritania 


UG 


Uganda 


Malawi 


US 


United States of America 


Mexico 


UZ 


Uzbekistan 


Niger 


VN 


Viet Nam 


Netheriands 


YO 


Yugoslavia 


Norway 


zw 


Zimbabwe 



New Zealand 
Poland 
Pomigal 
Romania 

Russian Meratioo 
Sudan 
Sweden 
Singapore 



wo 99/37905 



PCT/CA99/00060 



(i.e. drawing vacumn in) an evaporative emission space. 
The former may utilize a pressurizing device, such as a - 
pump, for pressurizing the evaporative emission space; 
the latter may utilize either a devoted device, such as a 
5 vacuum pximp, or engine manifold vacuum created by running 
of the engine. 

Commonly owned U.S. Patents and Patent Applications 
disclose various systems, devices, modules, and methods 
for performing evaporative emission leak detection tests 
10 by positive and negative pressurization of the 
evaporative emission space being tested. 

One general aspect of the invention relates to 

15 further improvements in leak detection systems and 
methods, including a novel system and method that 
requires neither intake manifold vacuum nor a devoted 
pumping device to create a pressure condition in an 
evaporative emission space suitable for performing a leak 

20 detection test. 

Sensing of pressure (positive and negative) in an 
evaporative emission space is performed by one or more 
known devices. One known device is an electric sensor 
that provides measurements within a defined measurement 

25 range; another device may furnish a signal that switches 
when the sensed presstire passes through a switch point 
that is designed into the sensor. The latter device may 
have the capability for providing several different 
switch points at respective different pressures. Sensing 

30 of temperature in the evaporative emission space may be 
performed by a known temperature sensor that provides 
temperature measvirements over a temperature range of 
interest. 

A preferred embodiment of the inventive system and 
35 method employs a control device through which atmospheric 
venting of the evaporative emission space occurs. The 
control device defines limits for both positive pressure 
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and negative presstire (i.e. vacuum) in the evaporative 
emission space. 

One aspect of the invention is premised on an 
application of Charles' Law to a recognition that when an 
5 automotive vehicle that had previously been operating, is 
parked and its engine shut off, a vacuiam that occurs 
naturally in the evaporative emission space under certain 
favorable ambient conditions can be used for leak 
detection- Recognition of the utility of that phenomenon 

10 for leak detection is believed to afford opportunity for 
economy in equipping a vehicle with an evaporative 
emission leak detection capability while enabling 
compliance with relevemt criteria and/ or regulation,. 
Moreover, it may be considered advantageous for a leak 

15 detection test to be performed when the vehicle engine is 
not running. 

Another general aspect of the invention relates to a 
method for detecting leakage from an evaporative emission 
space of an automotive vehicle fuel system that includes 

20 a tank for holding volatile liquid fuel, the method 
comprising: sensing each of plural physical parameters 
characterizing a gas mixture that includes volatized 
fuel, in the evaporative emission space; measuring a 
beginning value of a first of the sensed parameters at a 

25 beginning value of a second of the sensed parameters at a 
beginning test time; measuring an ending value of the 
first parameter at an ending value of the second 
parameter at an ending test time; deriving an actual 
measurement by processing the beginning and the ending 

30 values of the first parameter and the beginning and 
ending test times using a gas law that that correlates 
difference between the beginning and ending values of the 
first parameter, difference between the beginning and the 
ending test times, and difference between the beginning 

35 and the ending values of the second parameter; deriving a 
theoretical measurement that represents the value of an 
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actual measurement that should obtain from the step of 
deriving the actual measurement in the absence of leakage 
from the contained volxime; and comparing the derived 
actual measurement to the derived theoretical 
5 measurement* 

Another general aspect of the invention relates to 
apparatus for detecting leakage from an evaporative 
emission space of an automotive vehicle fuel system that 
includes a tank for holding volatile liquid fuel, the 

10 apparatus comprising: first and second sensors for 
sensing respective ones of pliiral physical parameters 
characterizing a gas mixture, that includes volatized 
fuel in the evaporative emission space; and a processor 
for processing a beginning value of a first of the 

15 parameters obtained from the first sensor at a beginning 
value of a second of the parameters at a beginning test 
time, for processing an ending value of the first 
parameter obtained from the first sensor at an ending 
value of the second parameter at an ending test time, for 

20 deriving an actual measiirement by processing the 
beginning and the ending values of the first parameter 
and the beginning and ending test times using a gas law 
that that correlates difference between the beginning and 
ending values of the first parameter, difference between 

25 the beginning and the ending test times, and difference 
between the beginning and the ending values of the second 
parameter, for deriving a theoretical measurement that 
represents the value of an actual measurement that should 
obtain from derivation of the actual measurement in the 

30 absence of leakage from the contained volume, and for 
comparing the actual measurement to the theoretical 
measurement • 

Still another general aspect of the invention 
relates to a method for detecting leakage from a 
35 contained volume for holding volatile liquid, the method 
comprising: sensing each of plural physical parameters 
characterizing a gas mixture, including volatized liquid, 
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in headspace of tJtie contained volume; measuring a 
beginning value of a first of the sensed parameters at a 
beginning value of a second of the sensed parameters at a 
beginning test time; measuring an ending value of the 
5 first parameter at an ending value of the second 
parameter at an ending test time; deriving an actual 
measurement by processing the beginning and the ending 
values of the first parameter and the beginning and 
ending test times using a gas law that that correlates 

10 difference between the beginning and ending values of the 
first parameter, difference between the beginning and the 
ending test times, and difference between the beginning 
and the ending values of the second parameter; deriving a 
theoretical measurement that represents the value of an 

15 actual measurement that should obtain from the step of 
deriving the actual measurement in the absence of leakage 
from the contained volume; and comparing the derived 
actual measurement to the derived theoretical 
measurement. 

20 Still another general aspect of the invention 

relates to apparatus for detecting leakage from a 
contained volume for holding volatile liquid, the 
apparatus comprising: first and second sensors for 
sensing respective ones of plural physical parameters 

25 characterizing a gas mixture, including volatized liquid, 
in headspace of the contained volume; and a processor for 
processing a beginning value of a first of the parameters 
obtained from the first sensor at a beginning value of a 
second of the parameters at a beginning test time, for 

3D processing an ending value of the first parameter 
obtained from the first sensor at an ending value of the 
second peurameter at an ending test time, for deriving an 
actual measurement by processing the beginning and the 
ending values of the first parameter and the beginning 

35 and ending test times using a gas law that that 
correlates difference between the beginning and ending 
values of the first parameter, difference between the 
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beginning and the ending test times, and difference 
between the beginning and the ending values of the second 
parameter, for deriving a theoretical measurement that 
represents the value of an actual measurement that should 
5 obtain from derivation of the actual measurement in the 
absence of lesJcage from the contained volume, and for 
comparing the actual measurement to the theoretical 
measurement. 

One of several more specific aspects is 
10 - characterized by the parameters including vapor 
temperature and vapor pressure. 

Another more specific aspect is characterized by 
. utilizing defined values of vapor pressure as a frame-of- 
reference base for conducting a conclusive leak test, 

15 

n-r-iA-F n^<^ey'ip-hiQn of the Drawings 

The accompanying drawings, which are incorporated 
herein and constitute part of this specification, include 
one or more presently preferred embodiments of the 
20 invention, and together with a general description given 
GJi>ove and a detailed description given below, serve to 
disclose principles of the invention in accordance with a 
best mode contemplated for carrying out the invention. 

Figure 1 is a general schematic diagram of an 
25 exemplary automotive vehicle evaporative emission control 
system including a leak detection system embodying 
principles of the invention* 

Figure 2 is an enlarged view in circle 2 of Figure 

1. 

30 Figure 3 is a schematic flow diagram of an exemplary 

method for performing a leak detection test using the 
system shown in Figiire 1. 

nggeTipfcTOTi Q-F tihe Preferred Embodiment 
35 Figure 1 shows an automotive vehicle evaporative 

emission control (EEC) system 10 in association with an 
internal combustion engine 12 that powers the vehicle, a 
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fuel system including a fuel tank 14 that holds a supply 
of volatile liquid fuel for the engine, and an engine 
management computer (EMC) 16 that exercises certain "* 
controls over operation of engine 12. EEC system 10 
5 comprises a vapor collection canister (charcoal canister) 
18, and a canister purge solenoid (CPS) valve, such as a 
proportional purge solenoid (PPS) valve, 20. Associated 
with EEC system 10 for performing a leak detection test 
on evaporative emission space of the fuel system are a 

10 vacuum/pressure control device 22, a vacuum sensor 24, 
and a temperature sensor 26. Although components that 
are portrayed in the illustrated schematic as discrete 
components may be appropriate subjects for integration 
with one or more other components, it should be 

15 understood that comprehensive principles of the invention 
are generic to various embodiments regardless of the 
extent to which components that are otherwise discrete 
may or may not be integrated with any other component or 
components . 

A tank headspace port 14A that communicates with 
evaporative emission headspace of fuel tank 14, a tank 
port 18A of canister 18, and an inlet port 20A of PPS 
valve 20 are placed in common fluid communication by a 
conduit 28. Another conduit 3 0 fluid-connects an outlet 

25 port 2 OB of PPS valve 2 0 with an intake system of engine 
12, such as an intake manifold 32. Another conduit 34 
fluid-connects a port 22A of vacuum/pressure control 
device 22 to a vent port 18B of canister 18. Still 
another conduit 36 fluid-connects another port 22B of 

30 vacuim/pressure control device 22 to atmosphere via a 
particulate filter 38* The headspace of fuel tank 14, a 
portion of canister 18, and associated conduits 
collectively define an evaporative emission space of the 
fuel system within which fuel vapors generated by 

35 volatilization of fuel in tank 14 are temporarily 
confined and collected until purged to intake manifold 32 
via opening of PPS valve 20. Canister 18 comprises a 
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vapor adsorbent medixxm 18M that divides the canister 
interior into a fuel vapor zone 18F to which the fuel 
- tank headspace is communicated via port 18A and a clean 
air zone 18C that is communicated via port 18B to control 
5 device 22. Medixam 18M forms a fuel vapor barrier between 
zones 18P and 18C such that air, but not fuel vapors, can 
transpass through medium ISM. 

EMC 16 receives a number of inputs relevant to 
control of certain operations of engine 12 and its 

10 -associated systems, including EEC system 10, One 
electrical output port of EMC 16 controls PPS valve 20 
via an electrical connection 40; one electrical input 
port of EMC 16 is coupled with vacuum sensor 24 via an 
electrical connection 42; and another electrical input 

15 port of EMC 16 is coupled with temperature sensor 26 via 
an electrical connection 44* EMC 16 selectively operates 
PPS valve 20 during certain times of engine running such 
that the valve opens under conditions conducive to 
purging and closes under conditions not conducive to 

20 purging, thereby selectively purging fuel vapors from the 
evaporative emission space to the mcmifold for 
entrainment with induction flow and ensuing combustion 
within the engine • 

Vacuum/pressure control device 22 functions to limit 

25 both negative pressure (i.e. vacuum) and positive 
pressure within the evaporative emission space. Control 
device 22 comprises a generally cylindrical body 46 
having an imaginary axis 48. Body 46 is closed except 
for the presence of several ports that are to be 

30 described. Intermediate opposite axial ends of body 46 
is an imperforate movable wall, or diaphragm, 50 that 
divides interior space within body 46 into a first 
chamber space 52 and a second chamber space 54. Chamber 
space 52 communicates via a port 46A in body 46 through a 

35 one-way, or check, valve 56 to port 22A. Valve 56 is 
ported to allow gas flow from chamber space 52 to port 
22A only when the pressiire in chamber space 52 exceeds 
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that at port 22A by more than a pressiire at which valve 
56 is designed to open. Otherwise the valve conducts no 
gas flow. 

The outer margin of movable wall 50 is sealed to the 
5 side wall of body 46, and within chamber space 52, a 
helical coil compression spring 58 acts between a spring 
locator 59 in an end wall of body 46 and a central zone 
of wall 50 to urge wall 50 toweord increasing the volxame 
of chamber space 52 and decreasing the volume of chamber 

10 space 54. Port , 22B provides a short passage that 
terminates on the interior of body 46 within chamber 
space 54 as a circular annular seat 60 that is coaxial 
with axis 48. In the condition depicted by Fig. 1, the 
central zone of ' wall 50 is being forced by spring 58 to 

15 seat on seat 60, closing port 22B to chamber space 54. 
Sealing of wall 50 to seat 60 is provided by an annular 
lip SOL formed as a part of the wall. Because chamber 
space 54 is open to port 22A through another port 46B in 
body 46, the clostare of port 22B to chamber space 54 by 

20 wall 50 also closes port 22B to port 22A. 

The central zone of movable wall 50 that is 
circumscribed by lip 50L contains a through-orifice 62 
(see Figure 2) that provides restricted communication 
between port 22B and chamber space 52 when wall 50 is 

25 closing chamber space 54 to port 22B. Because 
essentially atmospheric pressure is applied to port 22B 
through filter 38 when control device 22 is in the 
condition portrayed by Fig. 1, essentially atmospheric 
pressure is applied to the central zone of wall 50 

30 circumscribed by its sealing contact with seat 60 as well 
as to chamber space 52 via orifice 62. If the pressure 
in the evaporative emission control space is essentially 
atmospheric as well, then control device 22 will remain 
in the condition shown, with the pressure in chajpober 

35 space 52 being essentially at atmospheric pressure also. 
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Should 1:he evapora'tive emission space pressure start 
becoming increasingly positive, then an increasing 
pressure is applied to chamber space 54, acting on the 
annular portion of movable wall 50 that lies radially 
5 between seat 60 and the side wall of body 46. Once a 
certain pressure increase has occurred^ the net force on 
movable wall 50 is sufficient to unseat wall 50 from seat 
60, thereby allowing air to bleed from the evaporative 
emission space, through chamber space 54, through port 

10 22B, and through filter 38 to atmosphere. In this way, 
control device 22 acts as a positive pressure limiter, 
limiting the positive pressure that can be developed 
within the evaporative emission control space to 
substantially a predetermined positive pressure, for 

15 example one inch water pressure. When limiting the 
positive pressure in this way, control device 22 
effectively vents the evaporative emission space to 
atmosphere, and that is desirable at certain times, such 
as when tank 14 is being filled with fuel via a fill pipe 

20 14B. In passing, it should be obseirved that so long as 
the pressure in the evaporative emission space remains 
positive, no flow can occur through one-way valve 56. 

On the other hand, if control device 22 is in the 
condition shown by Figure 1 and the pressure in the 

25 evaporative emission space begins to become increasingly 
negative relative to atmosphere due to increasing vacuum 
in the evaporative emission space, such increasing vacuum 
will tend to increase the force of wall 50 against seat 
60. However, this is where orifice 62 and one-way valve 

30 56 come into play. Because the pressure in chamber space 
52 remains essentially at atmospheric pressure, the 
increasing evaporative emission space vacuum will, upon 
reaching a certain magnitude, cause valve 56 to begin to 
open. When that happens^ air can flow from atmosphere, 

35 through filter 38, through port 22B, through orifice 62, 
through control chaaiber space 52, and through valve 56 to 
counter the increasing vacuum. In this way, control 
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device 22 limi'ts -the magnitude of vacuixm that can be 
developed in the evaporative emission space. For reasons 
that will be seen from further description relating to 
leak detection however, that limit is greater than 
5 certain vacuum magnitudes relevant to performeuice of such 
testing of the evaporative emission space- For example, 
that limit for evaporative emission space vacuum may be 
within a range of four to six inches water so that for 
vacuum magnitudes less than the limit, valve 56 remains 
10 closed. 

From the foregoing description, it can be 
appreciated that control device 22 is effective to limit 
the positive presstare in the evaporative emission space 
substantially to a predetermined maximxim (one inch water 

15 pressure for example) and also limit the vacuum 
substantially to a predetermined maximtm (four to six 
inches water for example) . 

One of the tasks performed by EMC 16 is a leak 
detection test for ascertaining the integrity of EEC 

20 system 10, particuleurly the evaporative emission space 
that contains volatile fuel vapors, against leakage. In 
accordance with certain principles of the invention, such 
testing may be initiated after engine 12 has been turned 
off at the conclusion of a period of time during which 

25 the vehicle was operating. For example, turning the 
engine ignition system off by operating an ignition 
switch to Off position may initiate a leak detection 
test, possibly with a certain interval of time being 
allowed to elapse before actual testing begins so that 

30 any sloshing of liquid fuel in tank 14 can substantially 
dissipate. Performance of a test includes sensing both 
temperature and vacuum of fuel vapor in the fuel tank 
headspace by tempera tiire sensor 2 6 and vacuum sensor 24 
respectively. 

35 Temperature sensor 26 is a commercially available 

device that provides an electric signal output indicative 
of sensed temperature. Ideally the sensor might be 
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10 



15 



placed in direct contact with fuel vapor in the tank 
headspace, but such placement may be impractical for any 
of several different reasons. Moreover, because certain 
principles of the inventive methodology can utilize a 
differential temperature measurement, absolute 
temperature sensing may be rendered unnecessary. 
Therefore, it is possible for sensor 26 to be disposed 
external to the interior of tank 14, but in direct 
sensing contact with a wall of the tank that is expected 
to be exposed directly to fuel vapors in the tank 
headspace and that possesses good thermal conductivity. 
An example of a suitable placement is on a dome of a 
domed metal fuel tank, as shown in Figure i. An 
alternative placement could be at an appropriate location 
on a fuel sender unit that is assembled to the tank by 
insertion into, and closure of, a hole in a wall of the 
tank. with such sensor placement, a signal that 
reasonably correlates to actual fuel vapor temperature 
can be obtained. Such a fuel sender unit could also 
20 contain the pressure sensor, but alternatively the 
pressure sensor could be mounted by itself on the fuel 
tank in any suitable manner to properly sense pressure in 
the evaporative emission space. 

According to certain of the inventive principles, 
25 vacuum sensor 24 serves to monitor a change in vacuum 
within the tank headspace. Hence, it may fxmction either 
as a sensor that provides a meastirement of vacuum over a 
range of interest or as a switch that is capable of 
sensing two different vacuum magnitudes within the range 
30 of interest. For accomplishing its purpose, sensor 24 
must be placed in sensing relation to the tank headspace 
by any suitably appropriate mounting. 

Figure 3 discloses a sequence of steps 100 that are 
executed during performance of a leak detection test 
according to the inventive method. Step 102 represents 
initiation of the test when the vehicle's ignition switch 
is turned off, such as by turning the usual ignition 



35 
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switch key to off position. Step 104 comprises 

acquiring the level of fuel in tank 14 for ascertaining 
the amount of liquid fuel in tank 14. Knowing the dry 
volume of the tank allows the headspace volume to be 
5 calculated by subtracting the measured liquid volume from 
the dry tank volume. Total volume of the evaporative 
emission space may be calculated by adding to the tank 
headspace volime other volxames that are in gaseous 
communication with the tank headspace. 

10 The next step 106 comprises a measurement of fuel 

vapor temperature performed by EMC 16 reading temperature 
sensor 26, and a comparison of that measurement with a 
threshold temperature. It is believed that test validity 
is improved by requiring that the temperatvire be below a 

15 defined threshold, and it is further believed that a ao^'C 
threshold is an appropriate one when gasoline is the 
fuel. For certain vehicles it may also be desirable to 
set a lower temperature limit that the measured 
temperature must exceed before the test is allowed to 

20 proceed, but such a step is not specifically shown in the 
flow diagram of Figure 3. Because this threshold is a 
fixed temperature, use of sensor 26 to furnish the 
temperature measurement would suggest that the sensor be 
mounted in such a manner that the signal which it 

25 provides correlate well with actual temperature. But if 
such a mounting is not possible, then it may be desirable 
to use a temperature measurement from a different 
temperature sensor that is suitaJDle for ascertaining 
whether or not a proper temperature for allowing the test 

30 to proceed exists. 

Once it has been determined that proper temperature 
for allowing the test to proceed exists, i.e. a 
temperature at or below 3 0°C in the case of Figure 3, the 
next step 108 comprises recording the temperature 

35 measured by sensor 26 and the time of making the 
recording . 
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At this juncture, it is appropriate to consider the 
theory upon which certain inventive principles are 
premised. If a vehicle has been operating for a time 
sufficient to have fully warmed up the vehicle, it is 
5 expected that the temperature of fuel in the tank will 
have been raised above the prevailing ambient 
temperature, particularly in temperate weather 
conditions. Therefore, when the engine is finally turned 
off, it is also expected that fuel in the tank will at 

10 some point begin to lose heat, i.e. to cool. If there 
is no leakage from the fuel system to atmosphere, 
caxarles' Law holds that the vapor pressure in the fuel 
system will begin to decrease. If it is assumed that the 
vapor pressure in the fuel system was approximately at 

15 atmospheric pressure when the engine was turned off, and 
that no leakage existed, the ensuing cooling will create 
increasing vacuum in the tank headspace as the tank 
headspace temperature drops. In the absence of leakage, 
a well-defined relationship exists, 

20 Continuing then with Figure 3, the next step 110 

involves a reading of vacutim sensor 24 by EMC 16 that 
recurs either until a defined beginning vacuum is 
measiired (one inch water in the disclosed embodiment) or 
until a certain amount of time, as represented by step 

25 112, has elapsed. Occurrence of the latter event will 
result in a step 114 comprising the acquisition of a 
further temper atxire measurement by EMC 16 reading 
temperature sensor 26 and a comparison of that 
temperature measvirement with the temperature recorded at 

30 step 108 • If the comparison shows a difference that is 
less than a defined amount, that result is indicative of 
conditions that are deemed inappropriate for obtaining a 
conclusive test result, and therefore the test is aborted 
without reaching a result, as indicated by step 116 • If 

35 on the other hand the comparison shows a temperature 
difference that is greater than the defined amoxint, such 
result is indicative of a large, or gross, leak, in which 
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law, Charles* Law, to provide a test result that is 
presumed valid. Such processing is represented by step 
128. Applying Charles' Law to an evaporative emission 
space that does not leak, and attributing the two inches 
water increase in vacuum entirely to ambient cooling, 
will define a corresponding temperature change that 
should have occurred. Such a temperature change can be 
pre-calculated and stored in memory of EMC 16, or it can 
be calculated by EMC based on Charles' Law using relevant 
factors. When leakage is present, its effective size is 
expected to be dependent at least to some degree on the 
volume of the evaporative emission space. That is why 
fuel level is a useful factor in determining the 
effective leak size, and is employed in step 128. 

If no leak is present, time is not a factor in 
leakage detection. However, if there is leakage, then 
time becomes a factor because the larger the effective 
leak size, the longer the time required for the vacuum to 
increase from the beginning vacuiom to the final vacuiim, 
i.e. from one inch water vacuum to three inches water 
vacuum in the disclosed embodiment. Hence, applying 
knowledge of a) the headspace volvime, and b) the actual 
time interval required to draw down the vacuum from one 
inch water to three inches water, to discrepancy between 
1) the actual measured temperature change, and 2) the 
theoretical temperature change calculated by application 
of Charles' Law to the defined two inch water increase in 
vacuum, discloses the extent to which the leak affected 
the time required to draw down the vacuum, and hence is 
indicative of leakage. in point of fact, a reasonably 
accurate measurement of effective leak size can be 
obtained. 

From the foregoing description, the reader may 
appreciate that because the particular vacuum sensor 24 
that has been described conveniently provides two defined 
switch points, i.e. one inch water vacuum and three 
inches water vacuum, the disclosed embodiment of the 
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invenHive apparatus and method, by its use of the 
particular steps 110 and 122 in Figure 3, may be 
chair act erized as operating over a "vacuum-based" frame of 
reference. It is contemplated that generic inventive 
5 principles, principles employing pressure (e.g» vacuum), 
temperature, and time as relevant parameters, may be 
practiced in embodiments that utilize one of the other 
parameters for a frame of reference • 

Should the vehicle engine be restarted while a 

10 leakage test is in progress, the test will be terminated 
without completion. For example, if the ignition switch 
is turned from Off position to On or Start position, a 
signal may issue to terminate further execution of the 
test. A test may also terminate if one of the time-out 

15 steps 112, 124 in fact times out. For example, starting 
and running of the engine may prevent evaporative 
emission space vacuum from reaching the three inch water 
vacuum setting of sensor 24, resulting in test 
termination that is considered inconclusive of any leak. 

20 It is to be understood that because the invention 

may be practiced in various forms within the scope of the 
appended claims, certain specific words and phrases that 
may be used to describe a particular exemplary embodiment 
of the invention are not intended to necessarily limit 

25 the scope of the invention solely on account of such use. 
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beginning and ending test times, and the difference 
between the beginning and ending values of sensed 
pressure of the gas mixture according to Charles' Law. 

5, A method as set forth in claim 2 in which: 

the beginning cuid ending values of the second 
parameter are defined by respective first and second 
switch points at which respective first and second switch 
functions are performed; and 

the step of sensing pressxire of the gas mixture 
includes performing the first switch fxinction when the 
sensed pressure of the gas mixture corresponds to the 
beginning value of the second parameter and performing 
the second switch function when the sensed pressure of 
the gas mixture corresponds to the ending value of the 
second parameter. 

6, A method as set forth in claim 5 including the 
steps of defining the beginning test time as time at 
which the first switch function is performed and of 
defining the ending test time as time at which the second 
switch function is performed. 

7, A method as set forth in claim 6 in which: 

the step of measuring a beginning value of a first 
of the parameters at a beginning value of a second of the 
parameters at a beginning test time comprises measuring 
the value of sensed temperature of the gas mixtvire at the 
time of performance of the first switch function; 

the step of measuring an ending value of the first 
parameter at an ending value of the second parameter at 
an ending test time comprises measuring the value of 
sensed temperature of the gas mixture at the time of 
performance of the second switch function; 

the step of deriving the actual measurement by 
processing the beginning and the ending values of the 
first parameter and the beginning and ending test times 
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using a gas law that that correlates difference between 
the beginning and ending values of the first parameter, 
difference between the beginning and the ending test 
times, and difference between the beginning and the 
5 ending values of the second parameter comprises 
processing the measured beginning and ending values of 
sensed temperature of the gas mixture, the beginning and 
ending test times, and the difference between the 
beginning and ending values of the second parameter; 

10 the step of deriving a theoretical measurement 

comprises deriving one of a theoretical measxirement of 
the time required for pressure of the gas mixtiire to 
change from the pressure at which the first switch 
function is performed to the pressure at which the second 

15 switch function is performed for a given change in 
temperatiire of the gas mixture in the absence of leakage 
and a theoretical measurement of change in pressure of 
the gas mixture that would occur over a given time 
interval in the absence of leakage; and 

20 the step of comparing the derived actual measxirement 

to the derived theoretical measiirement comprises 
comparing the derived actual measurement to the one of 
the theoretical measurement of the time required for 
pressure of the gas mixture to change from the pressure 

25 at which the first switch function is performed to the 
pressure at which the second switch function is performed 
for a given change in temperature of the gas mixture in 
the absence of leakage and the theoretical measurement of 
change in pressure of the gas mixture that would occur 

30 over a given time interval in the absence of leakage. 

8. A method as set forth in claim 7 in which the 
step of comparing the derived actual measurement to the 
derived theoretical measurement comprises comparing the 
35 derived actual measurement to the theoretical measurement 
of the time required for pressure of the gas mixture to 
change from the pressure at which the first switch 
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function is performed to the pressure at which the second 
switch function is performed for a given change in 
temperature of the gas mixture in the absence of leakage, 

9* A method for detecting leakage from a contained 
volume for holding volatile liquid, the method 
comprising: 

sensing each of plural physical parameters 
characterizing a gas mixture, including volatized liquid, 
in headspace of the contained volume; 

measuring a beginning value of a first of the sensed 
parameters at a beginning value of a second of the sensed 
parameters at a beginning test time; 

measuring an ending value of the first parameter at 
an ending value of the second parameter at an ending test 
time; 

deriving an actual measurement by processing the 
beginning and the ending values of the first parameter 
and the beginning and ending test times using a gas law 
that that correlates difference between the beginning and 
ending values of the first parameter, difference between 
the beginning and the ending test times, and difference 
between the beginning and the ending values of the second 
parameter; 

deriving a theoretical measurement that represents 
the value of an actual measurement that should obtain 
from the step of deriving the actual measurement in the 
absence of leakage from the contained volume; and 

comparing the derived actual measurement to the 
derived theoretical measurement. 

10. A method as set forth in claim 9 in which the 
step of sensing each of plural physical parameters 
characterizing a gas mixtxire in headspace of the 
contained volume comprises sensing pressure of the gas 
mixture and sensing temperatxire of the gas mixture. 
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11. A method as set forth in claim 10 in which: 

the step of measuring a beginning value of a first 
of the sensed parameters at a beginning value of a second 
of the sensed parameters at a beginning test time 
5 comprises measuring the value of sensed temperature of 
the gas mixture at a beginning value of sensed pressure 
of the gas mixture at the beginning test time; 

the step of measuring an ending value of the first 
parameter at an ending value of the second parameter at 
10 an ending test time comprises measuring the value of 
sensed temperatxure of the gas mixture at an ending value 
of sensed pressxire of the gas mixture at the ending test 
time ; and 

the step of deriving an actual meas\irement by 
15 processing the beginning and the ending values of the 
first parameter and the beginning and ending test times 
using a gas law that that correlates difference between 
the beginning and ending values of the first parameter, 
difference between the beginning and the ending test 
20 times, and difference between the beginning and the 
ending values of the second parameter comprises 
processing the measured values of the sensed temperature 
of the gas mixture at the beginning and ending test 
times, the difference between the beginning and ending 
25 test times, and the difference between the beginning and 
ending values of sensed pressures of the gas mixture. 

12. A method as set forth in claim 11 in which the 
step of processing the measured values of the sensed 

30 temperature of the gas mixture at the beginning and 
ending test times, the difference between the beginning 
and ending test times, and the difference between the 
beginning and ending values of sensed pressure of the gas 
mixture comprises processing the measured values of the 

35 sensed temperature of the gas mixtiire at the beginning 
and ending test times, the difference between the 
beginning euid ending test times, and the difference 
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between the beginning and ending values of sensed 
pressure of the gas mixture according to Charles' Law. 

13. A method as set forth in claim 10 in which: 

5 the beginning and ending values of the second 

parameter are defined by respective first and second 
switch points at which respective first and second switch 
functions are performed; and 

the step of sensing pressure of the gas mixture 

10 includes performing the first switch function when the 
sensed pressxire of the gas mixture corresponds to the 
beginning value of the second parameter and performing 
the second switch ftinction when the sensed pressure of 
the gas mixture corresponds to the ending value of the 

15 second parameter. 

14. A method as set forth in claim 13 including the 
steps of defining the beginning test time as time at 
which the first switch function is performed and of 

20 defining the ending test time as time at which the second 
switch function is performed. 

15. A method as set forth in claim 14 in which: 

the step of measuring a beginning value of a first 
25 of the parameters at a beginning value of a second of the 
parameters at a beginning test time comprises measiiring 
the value of sensed temperature of the gas mixture at the 
time of performance of the first switch function; 

the step of measuring an ending value of the first 
30 parameter at an ending value of the second parameter at 
an ending test time comprises measuring the value of 
sensed temperature of the gas mixtxire at the time of 
performance of the second switch function; 

the step of deriving the actual measurement by 
35 processing the beginning and the ending values of the 
fi^st parameter and the beginning and ending test times 
using a gas law that that correlates difference between 
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the beginning and ending values of the first parameter, 
difference between the beginning and the ending test 
times, and difference between the beginning and the 
ending values of the second parameter comprises 
5 processing the measured beginning and ending values of 
sensed temperature of the gas mixture, the beginning and 
ending test times, and the difference between the 
beginning and ending values of the second parameter; 

the step of deriving a theoretical meas\irement 

10 comprises deriving one of a theoretical measurement of 
the time recpiired for pressure of the gas mixture to 
change from the pressure at which the first switch 
function is performed to the pressure at which the second 
switch f miction is performed for a given change in 

15 temperature of the gas mixture in the absence of leakage 
and a theoretical measurement of change in pressure of 
the gas mixture that would occur over a given time 
interval in the absence of leakage; and 

the step of comparing the derived actual measurement 

20 to* the derived theoretical measurement comprises 
comparing the derived actual measurement to the one of 
the theoretical measurement of the time required for 
pressure of the gas mixture to change from the pressure 
at which the first switch function is performed to the 

25 pressure at which the second switch function is performed 
for a given change in temperature of the gas mixture in 
the cibsence of leakage and the theoretical measurement of 
change in pressure of the gas mixture that would occur 
over a given time interval in the absence of leakage, 

30 

16* A method as set forth in claim 15 in which the 
step of comparing the derived actual measxirement to the 
derived theoretical measurement comprises comparing the 
derived actual measurement to the theoretical measurement 
35 of the time required for pressure of the gas mixture to 
change from the pressure at which the first switch 
function is performed to the pressure at which the second 
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switch f vmction is performed for a given change in 
temperatxire of the gas mixture in the absence of leakage. 

17. Apparatus for detecting leakage from a 
5 contained volume for holding volatile liquid, the 

apparatus comprising: 

first and second sensors for sensing respective ones 
of plural physical parameters characterizing a gas 
mixtxire, including volatized liquid, in headspace of the 
10 contained voltme; and 

a processor 

for processing a beginning value of a first of the 
parameters obtained from the first sensor at a beginning 
value of a second of the parameters at a beginning test 
15 time, 

for processing an ending value of the first 
parameter obtained from the first sensor at an ending 
value of the second parameter at an ending test time, 

for deriving an actual measxirement by processing the 

20 beginning and the ending values of the first parameter 
and the beginning and ending test times using a gas law 
that that correlates difference between the beginning and 
ending values of the first parameter, difference between 
the beginning and the ending test times, and difference 

25 • between the beginning and the ending values of the second 
parameter, 

for deriving a theoretical measxirement that 
represents the value of an actual measurement that should 
obtain' from derivation of the actual measurement in the 
30 absence of leakage from the contained volume, and 

for comparing the actual measurement to the 
theoretical measurement. 

18. Apparatus as set forth in claim 17 in which the 
35 first sensor provides the values of the first parameter 

as temperatures of the gas mixtxire, and the second sensor 
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provides the values of the second psurameter as pressiires 
of the gas mixture. 

19. Apparatus as set forth in claim 18 in which the 
5 processor derives the actual measurement by processing 

the beginning and ending test times, and respective 
values of temperature of the gas mixture sensed by the 
first sensor at respective values of pressxxre of the gas 
mixttire sensed by the second sensor at the respective 

10 beginning and ending test times using a gas law that that 
correlates difference between the respective values of 
sensed temperature of the gas mixture, difference between 
the beginning and the ending test times, and difference 
between the respective values of sensed pressure of the 

15 gas mixture. 

20. Apparatus as set forth in claim 19 in which the 
processor derives the actual measurement using Charles' 
Law for the gas law. 

20 

21. Apparatus as set forth in claim 18 in which the 
second sensor performs respective first and second switch 
functions correlated to the respective beginning and 
ending values of the second parsimeter, performing the 

25 first switch* function upon sensing pressure of the gas 
mixture attaining correspondence with the beginning value 
of the second paraoneter, and performing the second switch 
function upon sensing pressure of the gas mixture 
attaining correspondence with the ending value of the 

30 second parameter. 

22. Apparatus as set forth in claim 21 in which the 
processor processes, as the beginning test time, the time 
at which the second sensor performs the first switch 

35 function and as the ending test time, the time at which 
the second sensor performs the second switch function. 
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23. Apparatus as set forth in claim 22 in which the 
processor 

derives the actual measiirement by processing, as the 
beginning and the ending values of the first parameter, 
5 respective beginning and ending values of temperature of 
the gas mixtiare sensed by the first sensor at the 
respective beginning and ending test times using a gas 
law that that correlates difference between the beginning 
and ending values of temperature of the gas mixture, 

10 difference between the beginning and the ending test 
times, and difference between the beginning and the 
ending values of pressure of the gas mixture sensed by 
the second sensor at the begixming and ending test times, 
and derives the theoretical meastirement by 

15 processing difference between the beginning and the 
ending values of temperature of the gas mixture sensed by 
the first sensor, difference between beginning and ending 
test times, and difference between a value of pressure 
causing performance of the first switch function by the 

20 second sensor and a value of pressure causing performance 
of the second switch function by the second sensor. 

24. Apparatus as set forth in claim 23 in which the 
processor compares the derived actual measurement to the 

25 derived theoretical measurement by comparison of the time 
required for pressure of the gas mixture to change from 
the pressure at which the first switch ftmction is 
performed by the second sensor to the pressure at which 
the second switch function is performed by the second 

30 sensor for a given change in temperature of the gas 
mixture in the absence of leakage. 

25. Apparatus for detecting leakage from an 
evaporative emission space of an automotive vehicle fuel 

35 system that includes a tank for holding volatile liquid 
fuel, the apparatus comprising: 
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first and second sensors for sensing respective ones 
of plural physical parameters characterizing a gas 
mixture, that includes volatized fuel in the evaporative 
emission space; and 
5 a processor 

for processing a beginning value of a first of the 
parameters obtained from the first sensor at a beginning 
value of a second of the parameters at a beginning test 
time, 

10 for processing an ending value of the first 

parameter obtained from the first sensor at an ending 
value of the second parameter at an ending test time, 

for deriving an actual measurement by processing the 
beginning and the ending values of the first parameter 

15 and the beginning and ending test times using a gas law 
that that correlates difference between the beginning and 
ending values of the first parameter, difference between 
the beginning and the ending test times, and difference 
between the beginning and the ending values of the second 

20 parameter, 

for deriving a theoretical measurement that 
represents the value of an actual measurement that should 
obtain from derivation of the actual measurement in the 
absence of leakage from the contained volume, and 

25 for comparing the actual measurement to the 

theoretical measurement. 

26. Apparatus as set forth in claim 25 in which the 
first sensor provides the values of the first parameter 

30 as temperatures of the gas mixture, and the second sensor 
provides the values of the second parameter as pressures 
of the gas mixture. 

27. Apparatus as set forth in claim 26 in which the 
35 processor derives the actual measurement by processing 

the beginning and ending test times, and respective 
values of temperature of the gas mixture sensed by the 
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first sensor at respective values of pressure of the gas 
mixture sensed by the second sensor at the respective 
beginning and ending test times using a gas law that that 
correlates difference between the respective values of 
5 sensed temperature of the gas mixture, difference between 
the beginning and the ending test times, and difference 
between the respective values of sensed pressure of the 
gas mixtxire. 

10 28. Apparatus as set forth in claim 27 in which the 

processor derives the actual measurement using Charles' 
Law for the gas law. 

29. Apparatus as set forth in claim 2 6 in which the 
15 second sensor performs respective first and second switch 
functions correlated to the respective beginning and 
ending values of the second parameter, performing the 
first switch function upon sensing pressure of the gas 
mixture attaining correspondence with the beginning value 
20 of the second parameter, and performing the second switch 
function upon sensing pressure of the gas mixture 
attaining correspondence with the ending value of the 
second parameter. 

25 30. Apparatus as set forth in claim 29 in which the 

processor processes, as the beginning test time, the time 
at which the second sensor performs the first switch 
function and as the ending test time, the time at which 
the second sensor performs the second switch function. 

31. Apparatus as set forth in claim 30 in which the 
processor 

derives the actual meas\irement by processing, as the 
beginning and the ending values of the first parameter, 
35 respective beginning and ending values of temperature of 
the gas mixture sensed by the first sensor at the 
respective beginning and ending test times using a gas 
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law that that correlates difference between the beginning 
and ending values of temperature of the gas mixtxire, 
difference between the beginning and the ending test 
times, and difference between the beginning and the 
ending values of pressxire of the . gas mixture sensed by 
the second sensor at the beginning and ending test times, 

and derives the theoretical measurement by 
processing difference between the beginning and the 
ending values of temperature of the gas mixture sensed by 
the first sensor, difference between beginning and ending 
test times, and difference between a value of pressiire 
causing performance of the first switch function by the 
second sensor and a value of pressure causing performance 
of the second switch function by the second sensor. 

32 ♦ Apparatus as set forth in claim 31 in which the 
processor compares the derived actual measurement to the 
derived theoretical measurement by compsurison of the time 
required for pressure of the gas mixture to change from 
the pressure at which the first switch function is 
performed by the second sensor to the pressure at which 
the second switch function is performed by the second 
sensor for a given change in temperature of the gas 
mixture in the absence of leakage. 
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